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LOW MICROGEL SURFACE PROTECTION FILM

Cross-Reference to Related Application

{6001} Thus application claims prionty to U.S. Provisional Application No. 62/171,473, filed

Fane 5, 20135, the complete disclosure of whuch is incorporated herein by reference.

Field of the Invention

polvmer surface protection films and methods of forming such films that reduce the size,

protrasion and number of incloded gels and mucrogels.

Backeround of the Invention

{8003} Surface protection fils, also known as masking §lms, ners, or inderleaf filius, are
typcally used o provide a physical barrier to prevent damage, contamination, scraiching,
scuffing, or other marring of a substrate. Surface protection films are also mterchangeably
used as intericaf films to prevent ntedayer sticking or blocking of soft and fragie optical
films for the purpose of hght management n display industry.  Masking films may be used
to provide such protection during manufacture, shipping, or storing prior to use of the
substrate, for example. Such films may be vsed in numercus applications as protective
covenngs for surfaces, particulary for protecting relatively smooth surfaces, such as acrylics,
Cyclo-Olefin Polyvmers (COPY, PMMA, polycarbonates, glass, polished or painted metals and
glarzed coranucs. Optical substrates for felevisions, monttors, phones, tablets, and other
displavs, for example, require masking films that both protect the surface and may be
removed without damaging, leaving residue of an adhesive, or other contaminants or

particulates on the surface.

{0604} Many optical substrates are alse susceptible to damage due to wregularitics i the
topography of the contact surface of the masking film itself. While generally planar, the
cordact surface of any masking film will have some rregularty i the form of concave areas
{pits) and convex areas {protrusions). Protrusions are of particular concern because they can
cause corresponding transcripiions {indentations) m the substrate to which the masking film

is applied.
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{0605} Untdl recently, most optical substrates could tolerate small imperfoctions in the
masking tim contact surface. Now, however, the developraent of substrate matenials for high
resolution applications has resulied in more siringent quality requirements. Protrusions of
gven one or two microns ¢an unacceptably damage the surface of these matenals, In
addition, these substrates requure high resohution optical inspection, which must be
accomplished with the masking film o place. This means that the masking film must not
only be light transmitient, 1 must exhibit a very high degree of transparency and clanty for
visual inapection. Matenials previcusly considered “low haze™ have imsufficient olarity to
allow such mspection, although in some case, it may be possible to detect and characterize
defects through higher haze surface protection films by using an mproved w-Hne camera

system.

v

{3006] These more strmgent requirersents have resulied 1 the virtual chounation of the use
of certain polymer matenials as masking films for high resolution optical substrates. This is
because films formed from such materials {c.g., polyolefios, generally and polyethyiene (PE),
tend to melude small polvmer agglomerations tyvpicallv reforred 1o as “gels” or “fish-eyes”
that are not removed during, and in some cases may oven be caused by, the extrusion process.
Gels may mclude, for example, unmelted polymer entanglements, snmelicd/undispersed
poivmer, or crosshinked chains formed by oxidation. The presence of such gels—even those
smaller than 100 pm {referred to borein as “microgels”™ and which are somctimes referred to
as “‘micro-fisheves y—within a thin polymer film can result in bulges at the film surface as
tHustrated in Figures 1 and 2. These bulges can be measured by their plan-form area as
viewed normal to the surface and by a protrusion beight h, measured from the generally

planar surface of the film.

{8007} Heretotore, only cortam, relatively expenstve, polymers such as polvesters have been
usable to mavufacture films that meet the stringent requirements for protecting today’s high
definition optical substrates. It is highly desirable to provide surface proteciion films formed
from more cost-effective polvmers such as PE and other polyvolefing, but that provide

performance attributes equivalent to that of adhesive coated PET masking films.



WO 2016/196965 PCT/US2016/035770

Summary of the Invention

JOB08] An aspect of the invention provides a method of refining a polymer resin material.
The method comprises melting and subjecting the resin matenial to shear stresses in a range
of 250 kPa to 400 kPa to form a refined resin material, The method may further comprise
extruding and solidifying the refined resin material. In certain embodiments, the polymer
resin material consists primarily of one or more polyolefins. In particular embodiments, the

polymer resin material consists primardy of polvethylene.

{80091 Another aspect of the nvention provides a method of forming a polymer film. The
method comprises providing a polvmer resin material cousisting priunarily of polyethviene
and mixing the polvmer resin material with one or more antioxidants to form a resin material
mixture. The method further comprises melting and subjecting the resin material mixture o
shoar stresses 1n a range of 250 kPa to 400 kPa to form a refined resim material. The refined
resin material is subsequently extruded to form the polvmer film. To some embodiments, the
method further comprises, prior to the action of extruding the refined resin matenal to form
the polvmer film, extruding and solidifving the refined resin matenial and then melting and

subjecting the extruded and solidified refined resin material to shear stresses less than 70 kPa.

{8018} Another aspect of the invention provides a resin material consisting essentially of
poiyetiviene, the resin material being substantially free of microgels having a largest
dimension greater than 100 vucrons. In a particular aspect, the resin material has been
refined by melting and sobjecting a precursor resin material to shear stresses 1n a range of 250

kPa to 400 kPa.

{0611} Another aspect of the nvention provides a thermoplastic polymer film congisting
cssentially of polvethylene, the film being substantially free of microgels having a largest
dimension greater than 100 vucrons. In particular embodiments, the thermoplasuc polvmer
film has at least one nominally planar surface that is substantially free of protrasions

extending outward more than 1.0 micron from the nominal planar surface.

{8012} Another aspect of the invention provides a multilayer thermoplastic polvimer film
coraprising a refease laver defining a first outer film swrface and an adhesion layer definiog a
second outer film surface oppostie the first outer film surface. At least one of the release

faver and the adhesion laver consists essentially of polyethviene and is substantially free of

e
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microgels having a largest dimension greater than 100 microns. In certain embodiments,
both the release laver and the adhesion laver consist essentially of polyethyvlene and are
substantially free of nucrogels having a largest dimension greater than 100 microns. In
gertamn of these embodiments, the flm s substantially free of protrusions extending cutward

more than 1.0 micron from the first or second outer film surface.

Brief Description of the Drawings

{8013 Figure 1 s a depiction of a film cross-section iHlustrating the effect of microgel size

and location on surface topography;

{8014} Figure 2 is a photograph showing a surface protrusion at the surface of a polymer film

having an included microgel embedded therein

{6315} Figure 3 1s a schematic represendation of an extruded film manufacturing line that can

be used 1n methods accordmg to the mwvention;

{0616} Figure 4 is a block flow diagram of a2 method according to an embodiment of the

mvention;

{0617} Figure 5 15 a schematic represendation of a high shear stross extrusion apparatus that

may be used to carry out methods according to some embodiments of the ivention;

{8818 Figure 6 15 a block flow diagram of a method according to an emabodiment of the

mvention;

0819] Figure 7 13 a depiction of a polvmer film sample map with an enlarged photograph of
I g (Y POi; p it gea grap

a portion of the sample; and

{3028 Figure 8 is a screen shot of a photograph of a film material with microgel

measurements saperimposed thergon.

Detatled Description of the Invention

{8021} The following description 1s intended to convey a thorough understanding of the
various embodiments of the invention by providing a number of specific embodiments and

details involving the refinement of polvimer resin materials and the prodection of polvmer
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film materials therefrom. It s understood, however, that the present invention is not limited
o these specific embodunenis and details, which are exemplary ondy. 1t 15 further understood
that one possessing ordmary skill in the art, in hight of known systems and methods, would
appreciate the use of the mvention for its mtended purposes and benefits in any namber of

altemative embodiments.

{8622} The present wnvention provides methods for producing low mucrogel surface
protection films from polymers such as polvolefins that typicaily exhibit a tendency 1o form
and retain gel inclusions. The methods of the invention generally involve subjecting the
polymer resin to very high shear stress daring melting eithor duning the process of extruding
the surface protection film or as part of a preprocessing step. As will be discussed i more
detail hercafter, high shear siress processing can be used to break up and melt previously
unmnelted or entangled gels and microgels i the base polvmer resin material, but, absent
additional measares, results in the formation of crosshoked gels and snmelied or entangled
microgels in the extruded material. In the method of the invention, one or more measures
may be used to counter the formation of crosshink gels. Thus, the resulting extrudate has no
macrogels {gels having a longest dimension greater than 100 microns) and has significantly
fower and smaller microgels than the base resin and an extrudate formed from the same

polyeer using a standard oxtrusion process.

{0623} As used herein “film™ refers to sheots or membranes having a thickness less than 1000
microns. Surface protection films typically have thicknesses less than 100 nucrons and may
have thicknesses well below 50 microns. In such filios, any mucroge! greater than 10-2
microns may significantly distort the substantially planar surface of the film. twill bg
understood that the term “substantialiy planar™ in regard to a film surface 15 intended to refer
to the nominally regular surface that would be planar it the phable film were apphied to a flat

surface.

{3024} The difficultios presenied by the occurrence of gels and nucrogels m polymer films
produced using standard techniques 1s well-known. In a typical extruded film production line
100 such as that depicted schematically in Figure 3, polymer resin material 18, typically in
pelict form or a combination of pelicts and recveled fluft from edge trimumings, isfed into a
conventional extruder 110 to melt and extrude the resin material 10 via a die 120 as a web 20,

For cast webs, a traditional slot die is used. For blown webs a circelar or elliptical die may
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be used. In some embodimenis {o.g.. a no side matte (NSM} process), the web 20 of extruded
resin material may be drawn ondo a casting roll 1440 through the use of a vacuum box 1380, In
other embodiments {¢.g., 2 one side matie (OSM) process), vacuum assistance may not be
required to cast the material. It will be understood that although a vacauwm box 130 1s
tHustrated and descnibed herein, any suitable means applying negative pressure can be used.
The casting roll will typically be smooth so as to impart a smooth, substantially planar
surface to the resulting cast film 30, In some embodiments, however, one or both surfaces of
the cast film may be provided with a textured or patterned surface. The cast film 30 may
pndergo additional processing to impart a particular texture or pattern to the surface oppostic
the smooth surface. This could include for example, heating the cast film 30 and then
drawing 1t between a smooth roll and a rubber or other textured roll {not shown}. The film 30
may also be trimmed o a predetermingd width, The resubtant film s wound onto roll 130 for

storage and/or transportation or further processing poor 1o use.

{8025} The excruplary extrusion process of Figure 3 shows the formation of a single laver
fm. F will be undersiond that a nwultiple layer film may be produced by providing for
multiple extruders, cach forming a single layer as depicted 1n Figure 3 or, altematively,
splitting the output of a single extruder indo multiple layers using a coextrusion feed black

In erther case, the multiple layers are collectively cast onto the casting roll to form a single
lamimate film. The varnous layvers may be formed from the same or ditferent materials. Some
films, for example, may be formed with three lavers: a core layer bounded by an adhesion
fayer configured for contacting a substrate and a release layer. In short, extruded protection

tayer polymer films can have any number of layvers of varving or similar matenals.

{6326] A PE film produced using the above process will meet the requirements of many
applications, but the presence of mucrogel-caused surface irregulantics may preclude # for
many surface protection film apphications. While there are many types of gels that can cause
such trregrdarities (see Spalding ot al | “Troubleshooting and Mitigating Gels in Polvolefin
Film Products,” Plastics Hogincermg September 2013, pp. 506-38. ("Spalding Paper™)), the
methods of the present application are primarily divected to control of those that are (1}
entangled undispersed polvmer chains that remain unmelied during the extrusion process or

that have solidified before ejection from the extruder die (“unielt gels™ or “unmelt

5
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microgels”) or (2) crossiimked due to oxadation or shear nduction (Mcrosslink gels™ or

“erosshink microgels™y

{627 Gels of both types {and others) may be present in the base resin provided by the resin
manufactorer. The basic extrusion process described above will generally remove the farger
gels, but 18 ineffective 1n removing the sroaller unmeht gels, particularly unmelt nucrogels. It
has been suggested that unmelt micro gels can be removed from PE film materials by using
refatively high (100-200 kPa) shear stress levels, See Spalding Paper. Wiule Spalding
suggests that such shear stress level are attainable vsing a conventional single screw extruder
with a Maddock-type mixer, the mnventors have found that such extruders are generally
fimited to a maxirouwm shear stress m the range of 60-70 kPa, which has been demonstrated to

be 1nsufficicnt to reduce the nucrogel defects of concom.

{0628} Not only is the maximum shear stress avatlable 1o a single screw extruder insufficient,
the mverdors have found that even the relatively high shear stress levels suggested by
Spalding are msufficient to reduce microgels to a size that does not cause unacceptable
surface protrusions in the final PE fum. Ouly through the use of extremely high shear stress
1 a twin screw extruder was 1 possible to break down the unmelt microgels to a sufficient
degree. Absent other measures, however, it was found that the high teraperature, high shear

stress process resulted in a large mumber of crosshink gels.

{8029} The methods of the present mvention overcome the problems described above., Inan
tHusirative embodiment, the invention provides a method of refining and/or homogenizing 4
polymer resin alone or in combination with other film product constituents. In a particular
variation of this embodiment, the resin refinement and/or homogenization process s used as a
preprocess step m a process for extrading polymer films having only microgels below desired
size or mumbers criteria. o ancther thustrative embodiment, the invention provides a
cordinuous film manufacturing process that includes actions for refining and/or

homogenizing the base resin.

{8634} The methods of the present invention are usable (o produce polvolefin films that are
substantially free of microgels having a maxinmim dimension greater than 100 muecrons. In
particular embodiments, the methods of the invention may be ased to produce polyolefin

fulms 1n which the largest maximum dimension of any observed microgel 18 in a range of 10
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microns to 60 microns. In some particularly significant embodiments, the methods of the
mvention may be used to produce polyvolefin films in which the largest maximum dimension
of any observed microgel 1s in a range of 20 microns to 30 microns. The methods of the
mvention are also usable to prodace polyolefin films with a mucrogel count {mimber of
microgels over 10 microns in size) less than 0.1 per mm’. Further, they are usable o produce
poivoletin films that exbibit no protrusions that extend more than 1.0 nicron from a nonunal

planar surface of the film.

{8031} With reference to Figure 4, 3 generalized method MI00 for producing a refined resin
aceording to an embodiment of the mvention begins at §105. At §110, the resin matenal is
provided and/or received from the resin mamufacturer. The method M10G may be practiced
with any theamoplastic resin material, but, as discussed above, 1s prumarily ammed at resm
materials having unmelt gels and microgels. Resin material s typically provided m the form
of pellets that can be premuxed or compounded with other constituents. At 5128, other
constituent materials are selectod. These materials may include, in particular, stabilizing
materials selected specifically to counter observed crosslinking offects encountered durning

very high shear stress extrusion.

{8632} As noted above, 1t has been found that very fugh shear stress {greater than 250kPa)
extrusion processes tend to result in a high degree of crosslinking in the extruded resin. Such
crosshinking can be attributed to both the high shear stress level itself and to the resulting high
temperatures encountered 1o the extruder. ¥ is thought that the high shear stress environment
creates a hugh number of free radicals available to crosshink the polymer chaing i the melh,
High heat, long residence time and the presence of oxygen increases the tendency for

oxidation and further crosslinking.

{0633} To counter these effects, one or more stabilizing materials can be added to the resun
The specific stabilizers (¢ g., antioxidant stabilizers} sclected may depend on, without
hmitation, the primary polymer, the particular resin foroulation, the level of shear stress to

be used, temperatire control measures, and other factors.

{8634} The role of antioxadant stabnilizers in thermopolymers such as polyethyleneg s to
protect the polvmer from oxidative degradation. The mechanism for such degradation s an

autocatatvzed, free radical chain process. During this process, hvdroperoxides are formed

ol
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which decompose into radicals and accelerate the degradation. Antioxidants prevent this
degradation by (1) scavenging radicals to interrupt the oxidative chain reaction resulting from

hvdroperoxide decomposttion and {2} consuming hydroperoxides.

{0633} In exemplary embodiments of the method such as might be used to refine PE and
other polvolefin resins, the additional constituents may melude 3 primary antioxidant
configured or selected to counter thermal-related crogslinking and a secondary anbioxidant
configured or selected fo take up shear-induced free radicals. Antioxidants contain one or
more reactive hvdrogen atoms which tie up free radicals, particularly peroxy radicals,
forming a polymeric hydroperoxide group and relatively stable antioxadant specics. Phenolic
antioxidants are the largest selling antioxidant used in plastics today. They include simple
phenols, bisphenols, thiohisphenols and polyphenols. Hindered phoools such as BASKE's
Irganox®1076, 1010 and Ethvl 330 fulfill the radical scavenging requirement and are

considered primary antioxidants. Gther primary antioxidants include those hsted in Table 1

TABLE I - PRIMARY ANTIOXIDANTS

{0635} A major group of antioxidants usable as secondary antioxidants mclude phosphonis-
based antioxidanis {gencrally phosphites}. Phosphites act by converting hydroperoxides to
non-chain propagating alcohols, while the phosphites themselves are oxidized to phosphates.

Trisnonviphenyl phosphite is one widely used phosphite. Tvpical specific secondary

G
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antioxidants are GE's Weston TNPP, BASF's Ultranox 626 and frgatos® 168, Other

illustrative sccondary antioxidants are lisied in Table 1L

TABLE I - SECONDARY ANTIOXIDANTS

{8637} Some or all of the antioxidants usable to counter crosslinking effects may have
andesired effocts if used in excess. Such effects may mehude, for example, sugration and
blooming. Accordingly, it is typically desirable to select the nmunirmin amounts necessary to
counter the crosshinking 1o the extruded resin. Empitical data can be used to optinize the
relative amounts of the pamary and secondary antioxadants for a particular resin or end use

application of an extrudate.

{8038] Returning to Figure 4, at $130, stabilizing matenals and any other constituents are
mixed with the base resin material. This may be accomplished in a separate mixing or
corapounding operation or may be accomplished by combining the materials in the hopper of
a high shear stress compounding/extruding apparatus. At 5140 the polvmer mixture or
compound is melted and sheared under shear stresses in excess of 250 kPa. In typrcal
embodiments, the shear stress will be 1n a range of 230 kPa to 400 kPa. This will typically be
accomplished using a high shear stress multi-scrow extruder, but any device capable of
impariing such shear stresses can be used. The particular shear stress used in the method
M100 may be selected based on the polvmer and the criteria for acceptable microgel content.
As an example, for a PE resin matenial 1n which the desired maximum microgel size is about
50 microns and a median microgel size is loss than 20 vucrons, a shear stress i oxcess of
300kPa is requured. In general, polyolefin materials may reguire a shear stress may in a range

of 300 kPato 375 kPa.

16
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{8039 To further exemplify the mvention, the action $140 of method M166 can be carried
out using a twin screw extrader such as the extruder 200 shown schematically 1n Figure 5.
The extruder 200 includes a hopper 211 in which a polymer resin vuxture 10 can be
miraduced nto the extruder barrel 210, In some embodiments, the hopper 211 and the
extruder barrel 210 may melude ports 214 through which nitrogen may be introdaced to
displace oxygen, thereby assisting m the mitigation of oxidation in the mell. Theusc ofa
nitrogen blanket inside the extrader can assist in reducing thermal-related crosslinking in the
melt. The resin 10 15 then augured through the barrel 210 by twin screws 212, which impart
the required high shear stress levels. The melted polvmer matenial is then passed to a die exat
218 where 1t 1s extruded as a refined polymer extrudate 107, In the illustrated embodiment,
the refined polymer material 167 1s extruded as a vod that can be cut indo peliets usig any
suttable cutting device 219. These pellets can then be packaged and transferred for further
processing and/or use as the base material in a standard extrusion manufacturing bine.  As
discussed below, the extruder 200 can alternatively be used in a continuous processing hine

for producing a final application matenal.

j3048] Returning once again to Figure 4, the method M100 may inclade the action of
drawing off volatile organic compounds (VOCs} that may occur as a result of stabilizer
reactions in the melt and exposure to high stress levels. In the exemplary extruder 200 of
Figure 5, this could be accomplished by applying a vacourn Hine to one or more poris 216
near the end of the extruder barre] 210, At 5160, the refined polvmer matenal s extruded. In
some embodiments, the extrudate may take the form of a solidified polymer rod that can be
cut into pellets, which may be substantially stmilar 8 dimension to base resin pellets

provided by the resm manufacturer. The method ends at 1935,

{8041} The extruded polymer resalting from the above process is a refined form of the
original base polyvmer. If sutficient shear stress is applied, the process will have removed all
pumelf macrogels and significantly reduced the size of any remaining microgels without

significant production of crossiink gels.

{3342} The refined polymer output of the method M100 mav be nothing more than the base
polyveer materiad, any stabitizers used to nutigate crosshink gels, and any reactants steroming
thercfrom. This refined material may then be used in place of the base resim m a conventional

extrusion process. In such cases, the refined resin material may be muxed or compounded

1
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with any other final matenal constituents in the conventional extruder oras part ot a
premixing step prior to miroduction mto the conventional extruder. Alternatively, any such
final material constituents may be mixed or compounded with the base resin as part of action

S12{ in the method M100 above.

{8043} Refined resin pellets produced using the high shear stress refinement process M100
have been used as mput material to a film manutactoring tine similar to extruded film
production line 100 of Figure 3. With reference 1o Figure 6, a roethod M200 of forming a
polymer film in this mavner begins at S205. At 8210, the polymer and any other constituents
for the final film material are selected. The constituent materials may include, n particular,
stabilizing materials selected as previcusly described to counter crosslinking offecis. At
8220, the various polymer constituents are blended together. It will be understood that some
or all of the constituents may be biended prior to high shear stress compounding. In some
cases, however, certan final material constituents may be blended with the refined polymer
cutput of the ligh shear stress compounding action danng or before the conventional shear
stress extruding action. At 5230, the base polyeer resin and at least any stabilizing additives
are compounded using very high shear stress as previously described. The resulting
compounded/refined resin material may then be formed into pellets or other transportable

form at 8240,

{0644} In some cmbodiments of the invention, the high shear stress compounding action may
be accoraplished as part of a single continuous process fine. In such cases, the action 8240
mayv be chiminated because the output of the high shear stress compounding action may be
provided directly as input to the conventional shear stress compounding action. At 5250, the
compounded/refined polymer resin maierial is fed to a conventional shear stress extruder.
The compounded/refined resin matenal may be mixed with other final product constituents
prior to or during the extruder feed procedure. The additional constituents may mclude other
polvmer resins that have been refined according to the methods of the invention and/or
poiymer resins that have not been refined. In the extruder, the final material constituents are
collectively mehied and subjected o conventional shear stress forces. The melied polymer
material may be passed through one or more filters at §260, which are preferably placed as
close to the extrusion die as possible to avoid reagglomeration of microgels downstream of

the filters. At S270, the polymer material is extruded and cast ounto a casting rolf. In varicus



WO 2016/196965 PCT/US2016/035770

crbodiments, the polyvmer matenial may be cast as a single layer film or may be cast as one
layer o a mait-layer film as previoushy desenbed. Such multi-laver filios mayv be formed
with additional layers comprising resins that have undergone a high shear stress refinement

process and/or one or more lavers that do not comprige any such resing.
{8645} The method M200 ends at 5295,

{0046} It will be understood that the use of the refined resin and the resin refinement methods
of the mvention are not limited to particular film casting or extrusion processes. They may,
for exaruple, be used in conjunction with any cast or blown film process. It will also be
understood that the esin refinement methods of the tnvertion {¢.g., method M100) mayv be

used prior to or as part of other processes m addition 10 exrusion/coeX{rIsSIOn Processes.

{8047} Film products produced using the methods of the mvention have dramatically reduced
microgel content and enhanced clarity over films produced from the unrefined resin. The
methods of the invention can be used, in particular, (o provide refined polyolefin resin
materials and films formed therefrom. Most particulardy, the methods can be used to form
refined PE resin material and PE films having previously unattainable mucrogel size and
count levels. PE resin matenals and PE films may be provided according to embodiments of
the nvention that have substantially no gels with 2 maximum dimension greater than 106
microns. In some variations, PE resin matenals and PE films may be provided in which the
largest microgels have a maximum dimension in a range of about 1{ microns to about 60
microns, In particular embodiments, PE resin materials may be provided that have a
maximuin donension in a range of about 10 nucrons to about 40 microns. PE resio materials
and PE filbns may also be provided according to ernbodiments of the invention that have a
microgel count in a range of 0-0.2 per mm” of microgels having a maximum dimension
greater than 10 microns. In some embodiments, PE resin materials and PE films may have a
mgan nyicrogel count in a range of 0 to 0.1 per mam” of microgels having a maxinmm

dimension in a range of about 10 nucrons 1o about 50 nucrons.

{6048 By linuting the size of included microgels 1o filie products, the methods of the
mvention also allow the production of filins that have minimal protrusions. In particular, PE
film materials mav be provided according to embodiments of the invention in which the film

maxiroum profrusion height above a nominal planar surface is 1o a range of about 0.0 to about
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5.0 microns. n particularly preferred embodiments, a PE filin has substantially no

protrusions with a height above a nomnal planar surface greater than about 1.0 micron,

{349} The PE films produced according to embodiments of the invention tvpically have a
thickness in a range of about 135 mucrons to about 80 mwucrons. In some desirable
embodiments, the PE film may have a thickness in a range of about 20 microns to about 60
microns. In a particularly desirable embodiment, the PE film may have a thickness in a range
of about 25 microns to about 40 microns. The PE filo materials may be formed using any of
the previously described stabilizers and may also comprnise, without imitation, polvpropviene
(PP, othylene vinyl acetate (EVA), ethyviene methyl acrviaic EMA}Y, ethylene methacrvhic
acid {EMMA), ethylene normal butyl acrviate (EnBA), plastomers such as metallocene
catalvzed copolymers of butene, peniene, hexene or octene with cthylene, elastomers or block
co-polymers such as styrene-butadicoe-styrene (SBS), styrene-cthylene-butvicne-stvrene
{SEBS) and styrene-isoprene-styrene (SI8), catalyst neutralizers such as calcium stearate and
others, LLDPE produced using other catalysts, and tackifiers. The PE films produced
according to the mvention may be formed as a single layver or multiple layers with the same
or different constituent materials. In some multiple layer embodiments, only a subset number
of layers is formed from PE resin that has been refined according to the methods of the

wmvention.

Inspection Technigues

{3330} One effect of the stringent mucrogel inclusion and surface topography requirements
for surface protection films is that standard 1nspection technigues may not be adequate. The
size of microgels that can cause unaccepiable protrusions at the film surface are so small that
they may not be detecied by ordinary methods. For purposes of evaloating the refined resin
materials and surface protection films produced using the methods of the invention, new
mspection techniques were required. The following paragraphs describe wnspection methods

used to provide the data deseribed 1n the examples below.

{8051} In general, counting and sizing wucrogels can be done by both manual and antomated
methods. The method used may depend on the quality and consistency of the film surface. If

the filbm has a smooth consistent adhesion surface (e, the surface that will contact the

14
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substraie to be protected), the automated method may be preferred. i, however, the film hag

a varying ot rough surface, the manual method may be preferred o reduce noise in the data.

{8052] In a manual method, counting microgels requires that framed samples be visually
exanmined under coaxial reflected tiumination using a siercomicroscope with 20x zoom
magnification. As schematically represented in Figure 7, a predeternuned number of random
locations 310 are examined within a framed sample 300 of film matenal. At each location
310 a rectanguiar arca is magnified o allow Wentification and counting of microgels at that
location. In the ithustrated example, the magnified arca is 4.68 x 3 52 mm (16,4736 mnt’).
The mumnber of microgels 320 in cach location can then be recorded and ssed to provide an

gstimated count per umit area.

{8653} Mamual sizing of microgels may be accomplished using imaging software such as
Modia Cybernctics ImagePro”. ImagePra”, for example, has a “measure” function that can
be used to deteroune the largest dumension of previously wdentified microgels 1o a capiured
tmage as shown n the screen shot in Figure 8. These measurements can then be used to

deternune the frequency of microgels in various size ranges.

{8634} For automated counting and sizing, wmages are captured from framed samples under
coaxial reflected illununation using a stereomicroscope with 20x zoom magmification and a
digital camera. Magruficd images may be captured at a predetermined sumber of random

locations on cach frame. Specialized image analysis sofiware s then used o provide count

and size mformation.

{8085} The surface topography and, in particular, protrusion height are lughly significant for
surface protection fils. For the examples below, protrusion height above a nominal surface
plane was determined using a Zyvgo NewView 7300 Scanving White Light Interferometer
with Metropro” software. A specialized application was developed o measure protrusion
heights above the average surface plane. This tochnigue allows determination of protrusion

heights as small as 0.1 microns.

{06548} In addition to microge! and surface topography measorements, film samples are also
exanuned for haze. As used herein, the term haze {also known as wide angle scatiening)
refers to the percentage of transmitted hight passing through a film specimen that deviates by

more than 2.3° from the incident beam. For the examples below, haze measurements were
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accornplished according to ASTM D1603-93. Sampimg, sample preparation, equipment,
testing pararocters, and calculations were all performed within the scope of ASTM D106G3-
933

Exaoples
Example |

{80571 As a baseline, a multilayer PE film was formed using a conventional shear stress
extrusion line similar to that depicted in Figure 3. The nwltitaver comprised a core laver, an
adhesion laver and a release layer. The core laver was formed from 99,9929 low density
polvethylene {(LDPE) and 0.008 % Irganox 1010, The adhesion layer was formed from 75 %
butene copolvmer polyethyione plastomer, 15 % high density polyethylene (HDPE) and 16 %
LDPE. The release laver was formed from 85 % LDPE and 15 96 HDPEH. The constinents
for each layer were premixed and the three mixtures fed separately into three single screw
gxtruders. In each extruder, the polymer material was subjected to an estimated maximum
shear stress of about 66 kPa and passed through multiple filter stages including a final 5-
micron melt filter. The filtered melts were extruded through film dies and cast into a single
three-layered film on a smooth casting roll. The cooled film was then taken op on a winder.
Samples of the film were taken and inspected using the technigues described above to

determine microgel size and cound mformation.
Example 2

{8058} A refined multdayer PE fili was formed using a high shear stress method sinular to
M200. The muftdaver file comprised a core layer, an adhesion layer and a release laver,
The core and release lavers were both formed from 594 9% LDPE, 40 % HDPE, 048 %

~
H

D . I . @ . N
frganox 1076 and 0.12 % Irgafos™ 168, The adhesion layer was formed from 73 % butene
copolymer polyethyiene plastomer, 15 % HDPE, 8.36 % LDPE, 0.32 % Irganox” 1076 and

0.12 % Trgafos” 168

{0059] The constituents for the adbesion laver and the constituents for the core and release
layer were separately mixed and processed through a high shear extruder. Tn each case, the
materials were fed into a high shear stress, co-rotating twin serew extruder where they were

subjected to an estimated maximum shear stress of about 350 kPa. A mitrogen blanket was
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provided by mjecting nitrogen into the hopper and the barrel of the extruder. A vacuom port
near the end of the extrader barrel was used to draw of ¥V0OCs. The resuliing polymer
matenal was extruded through a die and cut into pellets. The pellets were gathered and
packaged and sealed for transport. The packaged pellets were later unsealed, and fed mto
three single scrow extruders, the adbesion faver material being fod uto one extruder and the
core/release layer material being fed mto two extruders. In each extruder, the polymer
material was subjected to an estimated maximum shear stress of about 30 kPa and passed
through multiple filter stages including a final S-micron melt filier. The filtered melts were
extruded through film dies and cast into a single three-layered film on a smooth casting roll.
The cooled film was then taken up on a winder. Samples of the filie were taken and
mspected using the techniques desenibed above to determine mucrogel size, protrusion and

count information.
Example 3

j8068] Ancther refined multifayer PE film was formed using a high shear stress method
simnilar to M206. This multilayver film comprised a core layer, an adhesion layer and a release
faver. The core and release lavers were both formed from 59.85 % LDPE, 40 % HDPE, 9.06
% Irgavox” 1076 and 0.09 % Sandostab P-EPQ. The adhesion layer was formed from $4.85
% butene copolymer polyethylene plastomer, 30% HBPE, 15 % ethylene octene elasiomer,

0.09 % Irganox” 1076 and 0.09 % Sandostab P-EPQ.

j80361] As i Example 2, the constituents for the adhesion layver and the constituents for the
core and release layer were separately mixed and processed through a high shear extruder. In
cach case, the materials were subjected to an estimated maximum shear siress of about 350
kPa, extruded and cuot mto pellets. As before, the peliets were fed into three extraders and
coextruded to form the three laver film. In each extruder, the polvmer material was sabjected
to an estimated maxunum shear stress of about 50 kPa. Prior to extrusion, the materials were
passed throush multiple filter stages mcluding, in this case, a final 7 S-micron melt filter.
Sampies of the resudting film were taken and mspected using the technigues deseribed above

to determine microgel size and protrusion information.

{8662} Table IH summarizes the microge! content and protrusion height data for each of the

three examples. In cach case, the data were taken from at least ton film samples, cach of
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which were examined as described above. It can be seen that the two PE filin maierials
formed using the high shear stress refinement methodology of the tnvention exhibried
significantly smaller microgels than the conventionally formed PE matenal. Further, the
refined PE resin film matenals exhibited no protrusions greater than 1.0 micron, with the

Examople 3 film exhibiting no protrusions over (.2 microns.

ABLE I

Polvmer Film Max. Mean Mean Max. Haze

Material Microgel Size | Microgel Size Microgel Protrasion (%)

() (o) Cont™ | gimy
{no. per nun’}

Example | 100-140 50-60 0.4-07 1.5-3.0 1520
Standard PE
Film
Example 2 30-30 20-30 0.01-0.04 3.5-0.9 4-6
Refined PE
Film
Example 3 3(-50 16-26 - 6.1-0.2 5.8-6.2
Refined PE
Film

* Microgels having a largest dimension > 10 ym

80363} In addition to the reduction in size and nomber of microgels, the refined PE film
materials also exhibited the unexpected result of a large reduction 1o haze. The improvement
i clanity of the film matenal 18 greater than would be expecied merely from the visually
measurable reduction 1 microgels. This suggests a very high degree of homogenceity i the

film material.

80364} It will be readily understood by those persons skilled i the art that the present
myention is susceptible to broad utility and application. Many embodiments and adaptations
of the present mvention other than those berein described, as well as many vanations,
modifications and equivalent arrangements, will be apparent from or reasonably suggesied by
the present invention and foregoing description thereof, without departing from the substance

or scope of the nvention.

{8065] While the foregoing illustrates and describes exemplary embodiments of this

mvention, it 1s 1o be understood that the invention s not inmited to the construction disclosed

18



WO 2016/196965 PCT/US2016/035770

hereinn. The invention can be embodied in other specific forms without departing {rony the

spirit or cssential attributes,
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Claims

What 1s claimed is:

1. A method of refining a polvmer resin material, the method comprising:
melting and subjecting the resin material to shear stresses in a range of 236

kPa 1o 400 kPa to form a refined resin matenal.

2. A method according to claim | wherom the polvruer resin roaterial consists prunarily of

one or more polvolefins.

3. A method according to clatm 1 wherein the polymer resin material consists pnimarly of

polyethyiene.

4. A method according {o claim | further comprising:

muxing the polvmer resin material with one or more antioxidanis.

5. A method according to claim 1 wherein the polymer resin matenial 15 subjected to shear

stresses mn a range of 300 kPa to 375 kPa to form the refined resin matenal.

6. A method according to claim 1 further comprising:

extruding and solidifying the refined resin material.

7. A method according to claim 1 wheremn the polvmer resin matenial comprises at least a
majority by weight of polvethviene, the method further comprising:
nuxing the polvmer resin matenial with one or rore antioxidants; and

extruding and solidifying the refined resin material.

3. A method of forming a polymer film, the method comprising:
providing a polymer resin material consisting primarily of polvethvlene,
mixing the polvmer resin material with one or more antioxidants to form a resin
material muxture;
melting and subjecting the resin material mixture fo shear stresses i a range of 230
kPa o 400 kPa o form a refined resin matenial; and

extruding the refined resin matenial to form the polymer film.

20
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9. A method according to claim & further comprising:
prior to the action of extruding the refined rosw matenal to form the polymer film,
extruding and sohidifving the refined resm material, and
melting and subjecting the extruded and sohdified refined resin material (o shear

stresses less than 70 kPa.

10, A resin material consisting essentially of polyvethylens, the resin material being

substantiallv free of nucrogels having a largest dimension greater than 100 microns.

11. A resin material according to claim 10 wherein the resin material has been refined by
melting and subjecting a precursor resin matenal o shear stresses in a range of 230 kPato

400 kPa.

12, A resie matenal according to clavn 10 wherein the resin material has been refined by
melting and subjecting a precursor resin material to shear stresses in a range of 300 kPa to

375 kPa.

13. A resin material according o claim 10 whercin the resin matenal 15 1n the form of

extraded pellets.

14. A thermoplastic polymer film consisting essentially of polyethyviene, the film being

substantially free of microgels having a largest dimension greater than 100 nucrons.

15, A thermoplastic polviner film according to claim 14, wherein the film is substantially

free of microgels having a largest dunension greater than 30 microns.

16. A thermoplastic polymer film according to claim 14, wherein the film has at least one
nominally planar surface that 1s substantially free of protrusions extending outward more than

1.0 micron from the nominal planar surface.

17, A thermoplastic polymer film according to claim 14, wherein the film has at least one
nominaily planar surface that 1s substantially free of protrusions extending cutward more than

0.5 microns from the nommal planar surface.

18. A muklitiayer thormoplastic polvmer film comprising:

a release laver defining a first outer film surface; and
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an adhesion layer defining a second outer film surface opposite the first outer film
surface,

wherein at least one of the release layer and the adhesion laver consists essentally of
polyethylene and 15 substantally free of microgels having a largest dimension

greater than 100 microns,

19, A molitlaver thermoplastic polvmer film according to claim 18, wherein both the release
layer and the adhesion layer consist essentially of polyethylene and are substantially froe of

microgels having a largest dimension greater than 100 microns.

20, A multilayer thermoplastic polvmer fm according to claim 18, whercin the film s
substantially free of protrusions extending outward more than 1.0 nyicron from the firstor

second outer film surface.

21 A multilayer thermoplastic polymer film according to clamm 18, wherein the film is
substantially free of protrusions extending cutward more than 0.5 microns from the first or

second outer film surface.

22, A mulitlayer thermoplastic polvmer film according to claim 18, wherein the adhesion

tayer comprises 55% 10 73% by weight of butene copolymer polyethylenc and 15% 10 30%

by weight of hugh density polvethvlene.
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